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Preface 
The increasing human population, coupled with deteriorating environmental conditions, has 
prompted both scientists and farmers to look more urgently for efficient ways to produce food in 
sub-Saharan Africa. These include improved land-use practices and agricultural strategies that 
enable increased and sustainable agricultural output, while enhancing existing farmlands and 
other natural resources. 
In many parts of sub-Saharan Africa, the concern is not only for food, but also for the fuel 
necessary to cook it, since fuelwood is becoming increasingly scarce. However, this scarcity is 
only one side of the problem: cutting down the forests for fuel or to allow spontaneous 
agricultural settlement has had a profound, often disastrous, effect on soil fertility and, 
consequently, on food production. Thus in a continent where green biomass supplies most of 
the energy needs of the rural population as well as being the major agent in nutrient recycling, 
the solution can only lie in developing sustainable agriculture. 
An important link in such an integrated agro-system is the biogas digestor which, by 
processing manure and farm wastes, provides both renewable energy and valuable soil 
nutrients. ILCA has designed a plastic biogas digestor to ease the fuelwood situation in the 
Ethiopian highlands. However, as with any other technology, adoption will depend on its 
economic feasibility, which is discussed in great detail in the first article of this issue. 
If Africa is to succeed in eliminating malnutrition, new agricultural strategies must be 
developed that take into account both development and conservation, particularly of arable land. 
Recent experience shows that forage legumes are the lynch-pin in many such strategies, 
contributing to soil fertility restoration and safeguarding against erosion, while also integrating 
crop and livestock production. The different legume-based strategies suited to different land 
types and management systems are described in this issue. 
Sheep and goats represent a very attractive option for smallholder farmers to broaden their 
food supply. In highly populated areas, such as the humid zone of Nigeria, most farmers must 
keep their smallstock confined or semi-confined to prevent damage to subsistence and cash 
crops. The distribution of small ruminants in the zone and the problems related to different 
management styles, including feed, disease and housing, are also discussed. 
Research on meat quality may appear to be an unnecessary extravagance in Africa where the 
primary need is to increase the quantity of meat produced. However, as the living standard in 
Africa improves, consumers will become more discriminating about the meat they purchase. 
This calls for techniques enabling the routine assessment of carcass or meat characteristics by 
producers themselves and slaughterhouse personnel. Two of them, condition score and 
measurement of anal fold thickness to estimate carcass fatness, are compared in the second 
article of this issue. 
Inca Alipui 
Editor, ILCA Bulletin 
Information Section 
ILCA, P.O. Box 5689 
Addis Ababa, Ethiopia 
The economics of a biogas digestor 
Senait Seyoum 
Livestock Economics Division  
ILCA, P.O. Box 5689, Addis Ababa, Ethiopia 
SUMMARY 
THE ECONOMIC feasibility of a plastic biogas digestor was investigated by using a net present 
value (NPV) model. A sensitivity analysis determined the effects of various prices for inputs and 
outputs. The opportunity cost of the alternative fuels dried dung and firewood was found to be 
the most crucial issue for the investment feasibility of the digestor. Even at high prices for dung 
fuel, rural households in Ethiopia will find the digestor an attractive investment, provided that 
they have access to water at no cost, and family labour is available to operate the digestor at no 
opportunity cost. Technical and economic aspects of the system are also discussed. 
Introduction 
Fuel is in very short supply in Ethiopia and throughout most of Africa. Where conditions still 
permit, wood is commonly used as fuel, but in many rural and urban areas, dried cow dung is a 
major source of fuel for cooking. 
Two main problems are often cited in connection with dried dung: its use for fuel precludes its 
use as fertilizer, and it is often burned in open fires at very low efficiency1. When dung is 
processed into biogas and the output slurry is recovered for use as fertilizer, both problems are 
addressed. 
1 Wood burns at 5–8% efficiency and cow dung at 60% of that of wood (UNESCO, 
1982), which implies an open-fire efficiency of only 3–5% for dung. 
The energy in dung may be converted to methane at approximately 34% efficiency, which may 
be utilised in cooking at up to 60% efficiency. Thus by converting the energy in dung to 
methane, the potential energetic efficiency of dung increases from perhaps 3–5% to 20% (0.60 
× 0.34). 
When cow dung is burned directly in an improved stove, its energetic efficiency increases to 
11% (UNESCO, 1982), but when it is first processed in a biogas digestor, both more usable 
energy and plant nutrients can be obtained. The nutrient content (mainly N and P) of the 
remaining slurry is essentially the same as in the unprocessed dung. 
ILCA has developed a simple, plastic biogas digestor which processes organic matter, mostly 
cattle dung, into gas usable for cooking, lighting and heating. Prototypes of this digestor are 
currently being used by a few households in Addis Ababa, Ethiopia, and in Debre Zeit (some 50 
km south of Addis Ababa), mostly to produce gas for cooking. 
In a memorandum to the Director General of ILCA it was reported that the biogas digestor is 
both technically and economically feasible for use in Ethiopian households. A development 
programme was proposed comprising (a) digestor testing at different sites in Addis Ababa and 
at selected peasant association villages, prior to commercialisation, and (b) back-up research, 
mainly in the Debre Zeit area, to increase the efficient use of the digestor. 
The initial economic assessment of the digestor failed to consider adequately the opportunity 
costs of inputs (dung, water and labour), the costs of traditional alternative sources of fuel, and 
the benefits of using output slurry as fertilizer. Thus its economic feasibility remained unclear. 
This paper presents a more thorough economic analysis, so that the priority of the digestor for 
further development can be assessed, but no attempt was made to comprehensively analyse 
social costs and benefits. A financial analysis based on net present value (NPV) was applied to 
assess the feasibility of investing in a biogas digestor at Debre Zeit. Sensitivity analysis was 
applied to determine the effects of a wide range of prices for input dung, water and labour, and 
output methane and slurry. 
DESCRIPTION OF THE BIOGAS DIGESTOR 
Components 
The biogas digestor has four major components (Figure 1): 
 A cylindrical plastic bag about 7m long and 1m in diameter. The bag consists of three 
layers of thick plastic sheets, each of which can be removed if damaged, while allowing 
the remaining sheet(s) to continue functioning. 
 Short inlet and outlet pipes of hard plastic, about 4 cm in diameter. 
 A 15–30m long gas line (usually a plastic garden hose) with a diameter of 1.25 cm. 
Alternatively, a heavy PVC pipe or metal tubing may be used to channel the gas. 
 A cooking burner made of bricks, cement, crushed stones, clay or mud. The gas line is 
fitted with a valve to control gas flow. 
Component costs 
Table 1 shows the costs of the digestor components, estimated on the basis of 1986 prices in 
Addis Ababa. The total estimated cost of the biogas digestor is EB 87 to 108 (US$ 1 = EB 2.07). 
This range includes the estimate of others, who maintain that the total cost does not exceed EB 
100. For convenience, we shall use this maximum in the analysis. 
Table 1. Capital cost estimates of a plastic biogas digestor, Addis Ababa, Ethiopia, 1986. 
Item Quantity 
Total cost 
(EB)1 
Qualitative remarks 
Drum/barrel 1 25 
This is the approximate cost in Addis Ababa. Other, 
less costly containers could also be used. 
Plastic sheets 
3 layers 
 (7 × 3m) 
24–32 
The current price of plastic (length 4.6m, width 1m) is 
EB 5.20 kg–1, but plastic is scarce in Addis Ababa and 
can be damaged by rain/wind or mishandling. 
Compatibility and cost aspects are important under 
rural conditions. 
Inlet/outlet 
pipes 
2 2 
Hard plastic materials are easily available in urban 
areas; in rural areas, bamboo could be used. 
Plastic hose 
1 
 (10–15m) 
25–38 
Currently not available in Addis Ababa, but less 
costly (about EB 2.50m–1) than metal tubing. 
Valve for gas 
control 
1 5 
Own estimate; probably more expensive. 
Cooking burner 1 5 
Own estimate; probably less expensive, depending 
on cost of materials used and available design skills. 
Thatched roof 1 1 
Insignificant cost, especially in rural areas where 
straw is relatively abundant. 
Total   87–108   
1 EB 2.07 = US$ 1.00. 
Operation 
Prior to loading, equal proportions of dung and water are mixed in a drum. Materials should be 
kept watery, because dung with too little water slows down gas production and harms micro-
organisms. The design output of 1m3 gas day–1 requires a daily load of 16 kg fresh dung mixed 
with 16 kg water. The output is expected to provide 6 hours of cooking time to a single burner. 
After the slurry mixture has been fed into the digestor, anaerobic digestion by methane bacteria 
and other microbes takes place over 2–4 weeks depending on prevailing temperature. When 
the fermentation process is complete, the bag contains gases accumulated in the upper one 
third, and nutrient-rich sludge in the lower two thirds (Figure 1). 
Inputs 
The basic inputs required to operate the digestor are dung, water and labour. The estimated 
requirements for the Debre Zeit installation are summarised in Table 2. 
 
 
 
 
Table 2. Estimated inputs of dung, water and labour required to produce 1 m3 of methane gas 
per day, Debre Zeit, Ethiopia, 1986. 
Input Daily requirement Annual requirement 
Dung (kg) 
  Fresh 16 5840 
  Dry equivalent 6.48 2365 
Water (litres) 16 5840 
Labour (hours) 
Water collection 0.5 182 
Slurry removal to field     
 manually 0.85 311 
  manually and with donkey 0.28 103 
Slurry distribution 0.25 91 
Total labour 
  in hours 1.03–1.60 376–584 
  in days – 47–73 
Experiments at ILCA's Debre Zeit research station showed that 45 kg of dung loaded daily into 
a biogas plant produced gas at the rate of 2.83m3 day–1, which corresponds to approximately 16 
kg dung m–3 gas (Ephraim Bekele, ILCA, Addis Ababa, Ethiopia, unpublished data). This is 
corroborated by other studies which estimated that at 35°C, 15 kg of dung is needed to produce 
1m3 of gas (van Buren, 1974; French, 1979; UNESCO, 1981, 1982). 
At 16 kg day–1, the annual dung requirement of the proposed digestor is 5840 kg. Since equal 
parts of dung and water are necessary to mix the input slurry, the digestor's water requirements 
will be 16 litres daily or 5840 litres annually. 
Variations in labour requirements would depend mainly on the accessibility of water and the 
distance of fields from the digestor. Gryseels and Goe (1984) estimated that the average Debre 
Zeit household already spends 91 hours (h) per month fetching water. The labour needed to 
collect water, prepare input slurry and distribute the output slurry on fields is estimated at 1.0–
1.6 h day–1 or 47–73 working days year–1. For the purposes of this analysis only the higher 
annual figure is used. 
Outputs 
Biogas and slurry are the two outputs of the system considered. As with inputs, their 
quantification poses some difficulties, due mainly to differences associated with feedstock 
quality, temperature, digestor operating parameters and the substitution rates used. 
Biogas 
According to FAO (1983), biogas usually contains 54–70% methane (averaging 60%), 27–45% 
carbon dioxide (averaging 36%) and small amounts of hydrogen, nitrogen, oxygen, carbon 
monoxide and hydrogen sulphide (total average 4%). Carbon dioxide and hydrogen sulphide 
can be removed to improve combustion efficiency, but this has not been done in this study. 
The design output of methane gas from the biogas digestor considered here is 1m3 day–1. In 
order to compute its value in terms of the value of traditional fuels saved by utilising biogas, it is 
necessary to estimate the amount of dried dung cakes or firewood needed to produce an 
equivalent amount of energy. The calorific values of different fuels are summarised in Table 3. 
Table 3. Calorimeter measurements of the energy values of biogas, firewood and dung cake. 
Fuel  
Calorific values1 
Megajoules2 (MJ) Kilocalories (Kcal) 
Biogas (m3) 20.0 4700 
Firewood (kg) 20.0 4700 
Dung cake (kg) 8.8 2100 
1 Note that the calorific values of fuels measured in a calorimeter are always higher than those 
under user conditions. This is due to losses caused by imperfect combustion and heat carried 
away in air, ashes, smoke, clinkers etc. 
2 The joule is the accepted SI unit (see Authors' style guide, p. 27) to measure energy (1 
Megajoule = 106 joules). The equivalent in kilocalories may be more familiar and is shown for 
comparison. 
Source: UNESCO (1982). 
The substitution rates used in this study assume that 1m3 of biogas substitutes for 3.47 kg of 
firewood or 12.3 kg of dry dung fuel (UNESCO, 1982; van Buren, 1974). Assuming 5% 
efficiency for open-fire heating with dried dung, and using the calorific values in Table 3, 12.3 kg 
of dung provides 5.4 MJ (8.8 × 0.05 × 12.3) of energy. One cubic metre of gas contains 20 MJ. 
If 1m3 of gas substitutes for 12.3 kg dry dung, the gas must burn at 27% efficiency (5.4/20). This 
is a very conservative estimate, since methane may burn at up to 60% efficiency2 in an 
improved burner (UNESCO, 1982). Investment in a more efficient gas burner may therefore 
prove very attractive. 
2 This figure could be obtained by assuming an 11% efficiency for dung burned in an 
improved stove. 
Figure 1. Components of a plastic biogas digestor producing methane at the rate of 1 m3 day–1, 
ILCA, Addis Ababa, Ethiopia, 1986.
 
Slurry 
In general, about 80% of the total solids put in a digestor can be expected to come out, and 
processing does not change the form or quantity of the nutrients. Increasing evidence suggests, 
however, that slurry is much more effective than dung when applied as fertilizer: French (1979) 
quoting Subramanian (1978) maintains that it is 13% more effective than dung, and van Buren 
(1974) reported that the ammonia content of organic fertilizer fermented for 30 days in a pit in 
China increased by 19.3% and its useful phosphatic content by 31.8%. 
During digestion, about 20% of the total 32 kg of slurry is volatilised (UNESCO, 1982). Thus the 
net weight of slurry removed daily from the digestor is 25.6 kg, or 9344 kg annually. Assuming 
that the slurry coming out of the digestor has the same quantity of nutrients as the dung 
originally put in, then, in terms of fertilizer value, the annual slurry output of 9344 kg is 
equivalent to 5840 kg of fresh dung (which in turn is equivalent to 2365 kg of dried dung cakes) 
fed into the digestor annually. 
Debre Zeit cow manure contains approximately 1.5% N and 1.3% P per unit dry weight 
(Newcombe, 1983). Thus the annual output of slurry equivalent to 2365 kg of dry dung converts 
to 34.5 kg of N and 30.7 kg of P. Theoretically, this constitutes a substantial fertilizer potential. 
However, since the slurry must be applied to cultivated fields immediately after disposal (to 
avoid accumulation of ammonia and toxic compounds), and considering that there are practical 
constraints (e.g. labour, cultural attitudes etc.) to its use, it is doubtful that the full benefits of 
slurry use would accrue to individual farmers. 
METHODOLOGY AND VALUATION ISSUES 
Financial analysis 
To estimate the investment feasibility of the project, it is assumed that the financial benefits of 
the digestor are the value of dung and/or firewood replaced by biogas to satisfy household fuel 
needs. The benefits of the slurry coming out of the digestor are the value of equal amounts of N 
and P from a commercial fertilizer. The capital costs of the installation have been assumed to be 
EB 100. The input costs will be specified later. 
A discount rate of 10% has been applied throughout the analysis. According to IMF (1982), 
interest rates charged by the Agricultural and Industrial Development Bank (AIDB) of Ethiopia 
on loans to farmers range from 9% (for working capital and long-term loans for fixed investment) 
to 10.5% (for fertilizer loans). Farmers' associations obtain fertilizer loans at 10.5% and lend to 
their members at 12%. Since the project's life has been limited to 2 years, however, it was not 
deemed necessary to look for a most precise discount rate. 
The net present value (NPV) model is specified by the following equation (all calculations are in 
EB year–1): 
NPV =  
where: 
TB = the total annual benefits (biogas, slurry) expected from the digestor, and 
TC = total costs (capital and operating costs, including costs of dung, water and labour). TB and 
TC are discounted to the initial year of investment (t = 1) at the selected 10% discount rate (r) 
over the project's lifetime of 2 years. 
NB = net financial benefits of the digestor. 
A zero NPV indicates that the investment will yield returns equal to the discount rate, and it is 
therefore an attractive investment. An NPV greater than zero indicates that the investment will 
yield returns in excess of the discount rate and is likewise attractive. A negative NPV indicates 
that the investment is unattractive. 
Valuation of inputs 
If inputs are utilised in the next best or most likely alternative way, or if they are readily 
marketable, the usual cost estimate procedure is to estimate their value by market price. This is 
called the opportunity cost of an input. The alternative values used in the analysis for inputs and 
outputs are summarised in Table 4. 
Table 4. Summary of alternative values of inputs and outputs used in the analysis. 
  Value alternative 
High Low 
Inputs 
Dunga (EBb kg–1) 0.20 0.05 
Water (EB per 10 litres) 0.025 0.00 
Labour (EB day–1) 1.50 0.00 
Outputs 
Biogas (EB kg–1) –c –d 
Slurry (EB kg–1) 50.63 25.32 
a. Assumes that the value of the dung is equivalent either to the value of sun-dried dung with a 
moisture content of about 20% (high) or to the value of an equivalent amount of fertilizer (low). 
b. EB = Ethiopian birr; EB 2.07 = US$ 1. 
c. Assumes that biogas replaces dung at EB 0.20 kg–1 or wood at EB 0.25 kg–1. 
d. Assumes that biogas replaces dung at EB 50.63 t–1 or wood at EB 0.13 kg–1. 
Dung. The opportunity cost of dung was estimated in terms of: 
 dung’s value as fertilizer determined by the cost of an equivalent amount of commercial 
fertilizer, or 
 the market value of dung cakes, if dung is sold. 
N and P contents of diammonium phosphate (DAP) roughly approximated the proportions of 
these nutrients in dried cow dung. Thus 1 t of DAP is roughly equivalent to 16 t of dry manure. 
The 1986 price3 of DAP was EB 810 t–1; thus each tonne of dry cow dung is worth EB 50.63 in 
terms of the plant nutrients it contains (or EB 20.50 t–1 of fresh dung). 
3 The price of fertilizer was determined from a receipt voucher issued to ILCA's 
Purchasing Unit. 
The price of dried dung cake observed at the Debre Zeit market ranged from EB 3.50 to 6.00 
per bundle, averaging EB 0.20 kg–1 of dried dung (or EB 0.08 kg–1 of fresh dung). 
Water. This was valued either at the price charged by the Water and Sewerage Authority in 
Debre Zeit, i.e. EB 0.025 per 10 litres (I. Whalen, ILCA, Addis Ababa, Ethiopia, unpublished 
data), or at zero. 
Labour. The labour used to collect water or haul and spread slurry was valued at: 
 half the rural wage rate of EB 1.50 day–1, i.e. the opportunity cost at which farmers can 
be assumed to value family labour, or 
 zero, assuming that family labour has no opportunity cost. 
Valuation of outputs 
Biogas. The biogas produced by the digestor was valued at: 
 the market value of wood or dung which it replaces, or 
 at a lower value, in this case half the cost of wood replaced. 
The observed price of wood in Debre Zeit was between EB 4.00 and 7.00 per bundle weighing 
15–25 kg. It was estimated that firewood averages EB 5.00 per 20- kg bundle or EB 0.25 kg–l. 
The lower value used in the sensitivity analysis is the value of wood displaced by gas at EB 0.13 
kg–1 
Slurry. Output slurry was valued at: 
 the official price of DAP containing an equivalent amount of plant nutrients, or 
 half that price. 
Sensitivity analysis 
Prices have an important influence on relative returns to investment proposals and, 
consequently, on the success or failure of any investment project. Within the context of a biogas 
project, the most important uncertainties relate to the estimated input/output values and to the 
life span of the digestor. The feasibility of the investment should therefore be examined under a 
range of plausible price combinations for the various inputs and outputs. 
A high and a low price were established for each of the three inputs and two outputs (Table 4). 
The potential number of combinations is 25 × 2 = 64: each of the five inputs and outputs could 
be evaluated at two price levels, which is calculated twice, once assuming biogas is valued by 
the value of the dung it replaces and again by the value of the replaced firewood. 
Of the potential 64 combinations, only 24 are plausible. For example, combinations of a low 
price for dung as an input with a high price for biogas substituting for dung, or vice versa, are 
inconsistent, and were therefore not calculated. Similarly, since slurry can only be valued as 
fertilizer and biogas only as fuel, solutions based on valuing slurry as fuel and biogas as 
fertilizer have been discarded. 
RESULTS 
Where dung is highly valued as fuel and is burned or sold, it is unlikely that it will be displaced 
by biogas, at least not in the short term4. In those situations where dung could be used as an 
input to the digestor, the costs of producing biogas must be compared with those of using 
firewood (if the latter is available). 
4 In many parts of Ethiopia, but especially in the high lands, the use of dung as fuel is 
associated with increasingly scarce firewood, which has become an expensive fuel. 
The 24 selected combinations and the resultant NPVs are shown in Table 5. The solutions are 
numbered in order of the NPVs from highest to lowest. Of the 24 combinations, 21 yield positive 
NPVs, some of which are very large. These occur when biogas substitutes for dung rather than 
for wood which is underpriced relative to dung. 
Table 5. Combinations of assumptions about input and output values and resulting net present 
values when biogas replaces dung or wood, Debre Zeit, Ethiopia, 1986. 
Solution Biogas replaces Value of inputs Value of outputs NPV1(EB2) 
    Dung Water Labour Biogas Slurry   
1 
Dung 
high low low high high 855 
2 high high low high high 829 
3 high low low high low 751 
4 high high low high low 725 
5 high low high high high 664 
6 high high high high high 639 
7 high low high high low 560 
8 high high high high low 535 
8a
3 dung zero high high zero low –202 
9 
Wood 
low low low high high 459 
10 low high low high high 433 
11 low low low high low 355 
12 low high low high low 329 
13 low low high high high 269 
14 low high high high high 243 
15 low low low low high 184 
16 low high low low high 169 
17 low low high high low 165 
18 low high high high low 140 
19 low low low low low 80 
20 low high low low low 65 
21 low low high low high 5 
22 low high high low high –20 
23 low low high low low –99 
24 low high high low low –124 
1 NPV = net present value. 
2 EB 2.07 = US$ 1. 
3 Shows that the investment feasibility of the biogas digestor depends primarily on the 
opportunity cost of the alternative fuel: if that cost is zero, the NPV is negative. 
Wood not only contains more energy per kg, but also burns with greater efficiency: with 20 MJ 
kg–1 and burning at 8% efficiency in an open fire, wood nets 1.6 MJ, while dung with 8.8 MJ kg–
1 and burning at 5% efficiency nets 0.44 MJ. The substitution rate in burning is 3.58 kg dung kg–
1 wood, while the substitution rate in cost terms is 25/20 = 1.25 kg dung kg–1 wood. At these 
substitution rates, dung appears to be three times as expensive as wood to produce the same 
net amount of energy. In practice, however, wood may not be completely dry and may therefore 
burn with much lower efficiency than was assumed in the calculations. 
The highest expected NPV is EB 855 (Table 5). This attractive investment is obtained when the 
values of outputs are high and the values of input water and labour are low. Of course, if biogas 
substitutes for dung fuel and its value is very high, the price of dung as an input cannot be low, 
and vice versa; no solutions are therefore shown for such combinations. 
Faced with high prices for dung fuel, Debre Zeit households can use or sell output slurry at the 
equivalent value of commercial fertilizer, provided that they have access to water at no cost, and 
family labour is available to operate the biogas digestor at no opportunity cost. For such 
households, the biogas digestor will prove a very attractive investment indeed (Table 5, solution 
1, NPV = EB 855). 
In fact, when biogas substitutes for dung with a high opportunity cost, the households can afford 
to take a low value for slurry, pay a high price for water and remunerate family labour, and they 
will still find the biogas digestor a very attractive investment. This is the situation represented by 
solution 8 with an NPV of EB 535. 
Thus, in this problem formulation, the most important issue in determining the investment 
feasibility of the biogas digestor is the opportunity cost of alternative fuels. Although the use of 
slurry at a relatively high value adds to the attractiveness of the investment, the value of 
slurry per se is not crucial to the investment feasibility of the project. As the price of dung 
increases, the attractiveness of the biogas digestor will increase, or vice versa (see solution 8a 
which has been included for illustrative purposes: when the price of dung is set at zero, the 
attractiveness of the digestor falls dramatically and the NPV becomes –202). 
Only three of the plausible situations in Debre Zeit indicate negative NPVs. The lowest, at –124, 
combines low output values with high water and labour costs. The other two solutions with 
negative NPVs show high labour costs with a high or a low value for slurry output. 
The NPV calculations are set up on a computer spreadsheet and can be quickly executed for 
any set of technical or economic circumstances. The investment feasibility of a biogas digestor 
for any particular household can be calculated using the NPV investment criterion. Both the 
circumstances and the technical and economic aspects of operating the digestor vary greatly 
among the Debre Zeit households, but this analysis suggests that the investment would be 
attractive from the NPV perspective for many of them. 
DISCUSSION 
The analysis indicates that more efforts are warranted to promote the biogas digestor in 
Ethiopia. At the same time there remains much scope for analysis. 
The major risk factors may be the life span of the digestor and availability of maintenance 
services. This analysis assumes a 2-year life for the project, but one of the prototypes tested 
failed in less than 1 year, while other installations may last longer than 2 years. In any case, 
more information about the expected life of biogas digestors is needed, and standard errors 
must be calculated. The need for a maintenance service or a training programme to teach 
owners how to maintain biogas digestors should be determined (no maintenance costs were 
assumed in the analysis). 
Three important technical assumptions were made with respect to gas production and use, and 
the efficient use of inputs and their conversion. First, the average daily output of methane was 
assumed to be 1m3 day–1, but this could vary considerably with daily ambient temperature 
fluctuations. 
Second, the analysis assumed that all gas produced would be used, and that it would have the 
same value as the dry dung or wood displaced in cooking. It is unlikely that all the gas would be 
utilised every day. Full use could imply that less than peak outputs would be shortfalls requiring 
some alternative supplemental fuel as a backup. Alternatively, it could also imply that a biogas 
supply exceeding the minimum requirements for cooking was utilised for heating or lighting, 
both of which may represent lower-valued outputs. 
Although the estimate for gas efficiency is very conservative, the second implication suggests 
that gas output is overvalued in the analysis. This would be more troublesome had not the 
NPVs been so high: most results suggest that the biogas digestor under analysis is more than 
marginally feasible. In fact, the investment remained feasible even with only half the biogas 
output utilised, which is equivalent to full utilisation at half the price. 
Third, standard or adequate levels of inputs and temperature could not be accurately 
determined because conditions vary from one area to another. In addition, there are as yet no 
definite experimental results on the quantity and/or quality of inputs required to ensure optimum 
gas/slurry production in different environments. 
Several technical aspects need further analysis: 
 What is the variation in methane production in relation to temperature? 
 What is the conversion efficiency of the dung/water input mixture to gas/slurry output? 
 To what extent do shortfalls and surpluses occur throughout the year in a typical 
household operating a 1m3 biogas digestor? 
 How can the full output be efficiently utilised throughout the year? 
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SUMMARY 
AN ATTEMPT was made to use anal skinfold thickness as a quantitative measurement to 
estimate body fat in Boran cattle (Bos indicus). The normal single-operator technique gave a 
poor relationship between skinfold thickness and estimated total body fat, but this was greatly 
improved by using two operators. Nevertheless, the technique remained inferior to body 
condition score, which was very highly correlated with estimated body fat percentage. It was 
concluded that condition scoring provides a valuable index of the nutritional status of Bos 
indicus cattle, and that measurements of anal fold thickness are not applicable to such animals. 
INTRODUCTION 
Liveweight per se is not necessarily a good indicator of body condition. Little and McLean 
(1981), for instance, have demonstrated that there is no predictive relationship between 
liveweight and body fat content in cattle in which total body fat varied over a fourfold range at 
similar liveweights. McLean et al (1983) showed that in cattle whose body weight decreased 
only slightly during the dry season, body fat reserves had decreased substantially and were 
largely replaced by water. 
Scoring systems to estimate body condition or level of body fat reserves in cattle have been 
successfully used for both Bos taurus and Bos indicus cattle (Buxton, 1982; Lowman et al, 
1976; Nicholson and Butterworth, 1986; van Niekerk and Louw, 1982; Wellington, 1981). 
Although the scores are subjective, they have been shown to be both repeatable and 
reproducible in both species (Jansen et al, 1985; Nicholson and Sayers, 1987a). There is also a 
high correlation between condition score change and changes in weight or heart girth 
(Nicholson and Sayers, 1987b). 
In an attempt to develop a more objective approach than condition score for the routine 
assessment of body fat reserves in cattle, the measurement of anal fold thickness was 
evaluated. This was described by Charles (1974) as an accurate estimator of carcass fatness; 
when pinched up with a caliper, the anal fold consists of the skin and subcutaneous fat normally 
found between the tuber ischii and the base of the tail, and its thickness is indicative of the fat 
reserves in an animal's body. Johnson and Davis (1983) have demonstrated the applicability of 
the method for carcass fatness evaluation in both pure Bos taurus and B. taurus × B. 
indicus hybrids. 
This paper reports a comparison of body condition scoring and anal fold thickness 
measurement in B. indicus cattle, in which body fat content was simultaneously estimated by 
tritiated water (HTO) dilution. 
MATERIALS AND METHODS 
Twenty-nine Boran cows with fasted liveweights averaging 350 kg (± 62 SD) were given 
condition scores on a scale varying from 1 (lean minus) to 9 (fat plus) with halfpoint steps 
according to the scoring system of Nicholson and Butterworth (1986). Following restraint in a 
headbail, anal fold thickness was measured as described by Charles (1974) by one operator 
using a Harpenden skinfold caliper modified for use on cattle (Johnson and Davis, 1983). It was 
found that the subcutaneous fat tended to pull away from the skin and was difficult to hold; a 
two-operator method was therefore devised in which one operator pinched the skin and 
underlying fat with both hands, while the second operator made three caliper measurements 
between them. In addition, dewlap thickness was measured in a few animals. 
A known quantity of tritiated water was injected intramuscularly into each animal in the evening. 
After 14 hours, during which water and food were withheld, an equilibration blood sample was 
taken and fasted liveweight measured. Evening injection reduced the chances of unequilibrated 
tritiated water leaving the animal by evaporation. The blood was centrifuged and the activity of 
plasma water was measured directly in a pseudocumene cocktail using a Wallac liquid 
scintillation counter with an external channels ratio method for quench correction. Background 
plasma and an appropriately diluted HTO solution were used to prepare the standard. The 
methodology is discussed in detail by Nicholson (1987). 
Total body water and total body fat (TBF) were calculated for each animal from HTO space and 
fasted liveweight (FLW), using the equations of Little and McLean (1981). The relationships 
between condition score, anal fold thickness (AFT) and TBF (expressed as a percentage of 
FLW) were examined using linear regression analysis. 
RESULTS AND DISCUSSION 
The data obtained for fasted liveweight and the estimated total body fat, condition score and 
anal fold thickness for the 29 Boran cows are given in Table 1. While the equations of Little and 
McLean (1981) were derived from data on Bos taurus and B. taurus × B. indicus hybrids, and 
were shown to be applicable over a wide range of body fatness, no pure B. indicus animals 
were involved in that study. It is possible, therefore, that they may not apply rigorously to such 
cattle for the estimation of total body fat in absolute terms. However, there is no reason to doubt 
that the estimates derived here are perfectly valid in a comparative sense, and that the 
comparison of condition score and anal fold thickness as estimators of total body fat is equally 
valid. 
 
 
 
 
 
Table 1. Mean and range of fasted liveweight, condition score, anal fold thickness and 
estimated total body fat in 29 Boran cows, Abernosa Ranch, Ethiopia, 1987. 
   ± SD1 Range 
Fasted liveweight (kg) 350 ± 62.1 256 – 471 
Condition score 6.02 ± 1.63 2.5 – 9 
Anal fold thickness2 (cm) 1.21 ± 0.19 0.89 – 1.9 
Anal fold thickness3 (cm) 2.92 ± 0.88 1.4 – 4.6 
Total body fat (% FL W4) 22.4 ± 5.07 8.4 – 31.4 
1 SD = standard deviation. 
2 Measured by single operator.  
3 Measured by two operators. 
4 FLW = fasted liveweight. 
The relationships calculated between estimated total body fat (% FLW, y) and the other 
parameters are: 
y = 2.81 CS + 5.5 
r = 0.901;RSD = 2.23 
(10% of mean y) (1) 
y = 12.6 AFT1, + 7.14 
r = 0.48; RSD = 4.53 
(20% of mean y) (2) 
y = 3.92 AFT2 + 10.94 
r = 0.687; RSD = 3.75 
(16.8% of mean y) (3) 
where: CS = condition score, 
RSD = residual standard deviation, 
AFT1, = anal fold thickness (cm) measured by one operator, and 
AFT2 = anal fold thickness (cm) measured by two operators. 
Condition score provided the most reliable indicator of body fat percentage. AFT, was poorly 
correlated with total body fat, and although the underlying subcutaneous fat was more easily 
measured by using a second operator, this approach still produced a less precise estimate of 
body fat than did condition score. No other skin site appeared to offer a feasible alternative. 
Although the measurements of anal fold thickness by Johnson and Davis (1983) produced an 
accurate estimate of carcass fat in both pure B. taurus and B. taurus × B. indicus hybrids, the 
technique was found unsuitable for B. indicus animals (E.R. Johnson, University of Queensland, 
Brisbane, Australia, personal communication). However, since this study found condition score 
to be closely correlated with estimated body fat percentage in these animals (equation 1), it was 
concluded that its use can provide valuable information in the routine assessment of their 
nutritional status. 
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SUMMARY 
THE POTENTIAL of forage legumes to increase the productivity of crop–livestock systems has 
been studied by ILCA under different ecological and management conditions. In the Ethiopian 
highlands, species within the Vicia, Trifolium and Medicago genera show promise. Among these 
the Vicia genus stands out with its relatively high dry-matter yields, high N content, and 
consistently high residual effects which make it very attractive for intercropping. In the subhumid 
zone of West Africa, Stylosanthes species show good potential, especially if the danger from 
anthracnose can be eliminated. Of the various legume–cereal technologies tested, the cut-and-
carry method, intercropping, sequential cropping and alley farming are most likely to be adopted 
by farmers in sub-Saharan Africa. 
INTRODUCTION 
During the past decade, the escalating cost of N fertilizers has fostered research on biological 
nitrogen fixation (BNF). Several universities and international research centres (e.g. MIRCEN, 
CIAT and IITA) became actively involved in BNF research. However, it is now widely recognised 
that much of this work has little value for developing countries (Kokke, 1984), because it does 
not solve local problems of low soil fertility, low and erratic rainfall, high solar radiation, and 
scarce fertilizers. 
The origins of the BNF technology can be traced to efforts to improve the meat industry in New 
Zealand, and to increase wheat production in southern Australia where rainfall and fertilizer 
response are highly uncertain. The clover/wheat technology has been transferred with 
reasonable success to the Mediterranean region of North Africa, which is traditionally a 
wheat/fallow region (Bakhtri, 1977). The change was fairly easy: the farmer only needed to 
substitute a self-regenerating legume for the fallow period. Decreased soil erosion and higher 
soil fertility led to higher wheat yields, more feed, and more sheep. 
This paper examines ILCA's research on forage legumes in the past few years. The potential 
role of forage legumes in increasing crop–livestock productivity in sub-Saharan Africa is 
discussed, and priorities for future research are outlined. 
FORAGE LEGUMES IN AFRICAN FARMING SYSTEMS 
In most of sub-Saharan Africa, farming systems are predominantly small-scale and have both 
crop and livestock components. Introducing forage legumes into such systems will improve soil 
fertility, crop yields, and herbage quality, and make the system more sustainable. 
Rotations 
Ley farming 
Cereal crops are grown in rotation with forage legumes under ley farming. The technique was 
developed in southern Australia, and its advantages have been summarised by Webber et al 
(1977). 
Ley farming has been advocated for the West African savanna (Jones and Wild, 1975), but so 
far attempts to introduce it in the region have met with little success––probably because there 
are few adapted annual legume cultivars capable of producing large amounts of seed. 
Cut and carry 
The system has been studied at ILCA's headquarters in Shola and at its research station in 
Debre Zeit, both in the central highlands of Ethiopia. Results show that vetch, lablab and some 
clovers are capable of leaving 30–60 kg N ha–1 in the top 20 cm of the soil profile through their 
root systems (L. A. Nnadi and I. Haque, ILCA, Addis Ababa, Ethiopia, unpublished data). 
Although these amounts will not give maximum cereal yields, they are sufficient to meet the N 
requirements of cereal crops grown in subsistence systems. 
Table 1 shows the effect of previous cropping on sorghum and maize grain yields on a soil with 
vertic properties. In 1985, the yield of sorghum after Trifolium steudneri was double that after 
oats(Avena sativa), while in 1986 vetch (Vicia dasycarpa) increased maize yield twofold 
compared with the control. 
Table 1. Effect of preceding crops on grain yields of sorghum and maize on a soil with vertic 
properties, Debre Zeit, Ethiopia, 1985/86. 
1984 crop 1985 sorghum yield 
(kg ha-1) 
1986 maize yield 
(kg ha-1) 
Trifolium steudneri 2632.0a1 2730.7ab1 
Vicia dasycarpa 2130.3ab 3273.7a 
Lablab purpureus 1549.7b 2461.7b 
Trifolium tembense 1842.0ab 2170.7b 
Avena sativa 1386.0b 1571.3c 
1 Within columns, values followed by the same letter are not significantly different at the 5% level 
(Duncan's Multiple Range Test). 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
The residual effects of 15 vetch lines on the grain yield of oats on a Vertisol were investigated at 
Shola in the 1983/84 cropping season. The results show that lines no. 3 (ILCA accession no. 
5218) and 14 (ILCA accession no. 5219) benefit a subsequent oats crop: in both cases the 
cereal yielded grain at more than 2000 kg ha–1, indicating the potential contribution of the 
legume to soil fertility (Figure 1). 
Figure 1. Residual effects of 15 vetch lines on the grain yield of oats on a Vertisol, Shola, 
Ethiopia, 1984.  
Source: I. Haque (ILCA Addis Ababa, Ethiopia, unpublished data) 
A similar study was conducted in 1984/85 with 27 clover accessions. There was a considerable 
range in both dry-matter (DM) and grain yields of oats following the various clover lines, but on 
about 50% of the plots previously under clover, grain yield was over 3 t ha–1. However, because 
there was no control, it is difficult to determine what proportion of this was due to the legume. 
Oat grain yields following trifolium accessions nos. 9435, 9956 and 10181 were over 3.3 t ha–1, 
and deserve further investigation (I. Haque, ILCA, Addis Ababa, Ethiopia, unpublished data). 
In another trial at Shola the grain yield of oats following Medicago truncatula cv Jemalong was 
higher than that of oats following pure wheat or a wheat/medic mixture (Figure 2). In a study at 
Debre Zeit, the grain yield of wheat crop grown on Vertisol broadbeds increased when it 
followed forage legumes. However, the results were not significant compared with the control 
oats (Table 2), which might be due to a higher initial amount of available N. 
Figure 2. Effect of previous crops on the grain yield of oats on a Vertisol, Shola, Ethiopia, 1984. 
 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Table 2. Effect of previous cropping on wheat grain yields on a Vertisol, Debre Zeit, Ethiopia, 
1986. 
1985 crop Wheat yielda(kg 
ha-1) 
Medicago polymorpha 2034.3 
Vicia dasycarpa 1689.3 
Lablab purpureus 1685.3 
Trifolium steudneri 1427.0 
Avena sativa 1357.3 
a Because of high coefficients of variation, the differences in wheat yields after the forage 
legumes and the control (Avena sativa) were not significant. 
Source: I. Haque (ILCA Addis Ababa, Ethiopia, unpublished data). 
The effect of P fertilization on BNF was studied on a Vertisol at Shola in 1983/84. Following 22 
trifolium accessions, oats were planted in plots that had received P at either 0 or 41 kg ha–1 as 
TSP. The increase in the grain yield of oats over the control (legume without P) varied from 28.2 
to 100.2% (Figure 3). Different trifolium accessions contributed different amounts of N to the 
following oats crop, but the effects of the legume and P were confounded. Nevertheless, the 
results show the importance of P application for BNF and, consequently, for increasing cereal 
grain yields on Vertisols. 
Figure 3. Residual effects of trifolium and phosphorus on the grain yield of oats on a Vertisol, 
Shola, Ethiopia, 1984. 
 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
In a trial on an upland soil at Debre Zeit, DM yields of wheat following forage legumes were 
significantly higher than that after oats (Table 3). A similar trend was observed in grain yields. 
Table 3. Effect of previous cropping on dry-matter (DM) and grain yields of wheat on an upland 
soil, Debre Zeit, Ethiopia, 1986. 
1985 crop  
Wheat 
DM yield (kg ha–1) Grain yield (kg ha–1) 
Vicia dasycarpa 4015.7a1 2612.0a1 
Trifolium steudneri 3543.0ab 2599.5a 
Medicago polymorpha 3443.2ab 2531.2a 
Fallow 2745.7bc 2090.2ab 
Avena sativa 2320.5c 1752.7b 
1 Within columns, values followed by the same letter are not significantly different at the 5% level 
(Duncan's Multiple Range Test). 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Fodder banks 
Fodder banks are dense stands of forage legumes grown on a small area (about 4 ha) for 2 to 3 
years to provide dry-season feed supplementation. Research by ILCA has so far been restricted 
to the subhumid zone of Nigeria and to Stylosanthes guianensis cv Schofield, S. guianensis cv 
Cook and S. hamata cv Verano. 
After a few years, fodder banks usually become infested with nitrophilous grasses. The area 
must therefore be planted to a cereal crop, and the system becomes a type of rotation. Because 
small livestock holders are interested in the production of some grain in addition to animal feed 
(FAO, 1983), crops could be grown in rotation in fodder banks. This would provide valuable crop 
residues in addition to leguminous feed. 
Mohamed-Saleem (1986a) reported that growing forage legumes in fodder banks decreases 
soil bulk density and increases subsequent maize yield. Soils that had been under S. hamata for 
3 years and S. guianensis for 2 years gave maize yields equivalent to yields obtainable with 90 
and 110 kg N ha–1 respectively (Mohamed-Saleem, 1986b). There were problems of bush fire 
which, together with fencing, need attention if fodder banks are to be successfully adopted in 
the subhumid zone of Nigeria. 
Dual-purpose legumes 
Reports of the highly beneficial effects of grain legumes on soil N and the grain yield of 
subsequent cereals are numerous (Jones, 1974; Narwal et al, 1983; De et al, 1983; Kumar Rao 
et al, 1983). Where farmers are reluctant to invest in forage legumes, forage-type grain legumes 
could be used if their DM yields are sufficiently high. ILCA's work in Mali showed that by 
introducing cowpea into the crop rotation, millet grain yields increased by 60% compared with 
yields of a first-year millet crop (ILCA, 1984). 
Alley farming 
Alley farming is an agroforestry system where arable crops are grown between hedgerows of 
legume shrubs. The hedgerows are pruned periodically during the cropping phase to provide 
green manure, additional fodder for animals, staking material, and to prevent shading of the 
arable crop. Forage legumes suitable for alley cropping are mostly in the Albizia, Calliandra, 
Cassia, Inga, Leucaena, Gliricidia and Sesbania genera (Mulonguy and Kang, 1986) . 
There is a conflict in the utilisation of the hedgerow prunings for soil improvement and for animal 
feed, especially before soil fertility increases. In general, however, livestock can make use of 
most of the prunings if manure is returned to the soil to maintain its fertility. 
In a first trial at Debre Zeit, Sesbania sesban planted in 4-m wide alleys (10% slope) yielded DM 
at 800 kg ha–1 annually (S. Jutzi, ILCA, Addis Ababa, Ethiopia, unpublished data). In addition to 
the green matter (4% N) for mulching and animal feed, considerable amounts of fuelwood could 
be harvested. The contribution of the system to soil fertility, erosion control, and sustainable 
crop production was examined by Jutzi et al (1987). 
Nitrogen contribution. Investigations by ILCA and IITA of the contribution of alley farming to 
soil N have been encouraging: Mulonguy and Kang (1986) reported N at 140 and 230 kg ha–
1 year–1respectively for leucaena and gliricidia planted in hedgerows 4 m apart. ILCA's work at 
Ibadan, Nigeria, shows that N derived from leucaena prunings averaged 165 kg ha–1 over a 3-
year period (A. Atta-Krah, ILCA, Ibadan, Nigeria, unpublished data). 
Other nutrients. In a recent trial on an Alfisol in southern Nigeria, leucaena prunings 
contributed 11 kg P, 153 kg K, 74 kg Ca and 16 kg Mg ha–1 (Mulonguy and Kang, 1986). The 
effects and recycling of these nutrients in alley cropping systems are not well understood, 
however, and deserve further attention. 
Crop yield. A. Atta-Krah (ILCA, Ibadan, Nigeria, unpublished data) found that the yield of alley-
cropped maize increased by about 32% on average over sole-cropped maize. Other studies 
have also shown significant maize yield increases due to alley cropping (Kang et al, 1981a, 
1981b). 
Mulonguy and Kang (1986) observed that despite the considerable biomass and N yields from 
leucaena hedgerows, supplemental N was still required to obtain high crop yields. This may be 
because the conversion efficiency of N from prunings is rather low––apparently not more than 
33% (Guevarra, 1976). However, slow mineralisation could be advantageous in areas of high 
rainfall and leaching: Read et al (1985) observed that whereas leucaena prunings had a 
beneficial effect on the subsequent maize crop, no such effect was observed with calcium 
ammonium nitrate. The factors controlling the mineralisation rate of N from prunings need to be 
studied in greater detail. 
Soil moisture. Kang et al (1985) reported that using leucaena prunings for mulching increased 
soil moisture content. Further studies are needed on the effects of mulching on the physical 
properties and biological life of mulched soils to validate this observation. 
Erosion control. Alley cropping may help control erosion (Brewbaker and Hutton, 1979). To 
improve the cultivation of heavy clay soils in the Ethiopian highlands, ILCA designed a simple, 
ox-drawn mouldboard plough for the construction of 4-m wide, level terraces. In addition, alley 
cropping with Sesbania sesban, an indigenous legume shrub, is being tested in the area. The 
preliminary results show that terrace farming with forage legumes can stabilise agricultural 
production in marginal areas through better soil, water and nutrient conservation. 
Long-term effects. Alley cropping is beneficial to the long-term productivity of continuously 
cultivated land, thus contributing to sustainable crop production. Kang et al (1985) found that 
leucaena prunings maintained maize yields at 2 t ha–1, while the yield on the control plot dropped 
to 0.3 t ha–1 after 5 years of continuous cultivation. Similar studies with Sesbania sesban are in 
progress in the Ethiopian highlands. 
Alley cropping appears to be a technology suitable for smallholder farming systems for two 
primary reasons: it fulfills the main functions of trees in the traditional bush fallow system (aiding 
nutrient recycling and providing green manure, firewood and staking material) and combines the 
cropping and fallow periods, thus enabling longer continuous cropping. In addition, alley 
cropping can provide high-protein feed for livestock 
Intercropping 
While intercropping grain legumes with non-legumes is common in Africa (Okigbo and 
Greenland, 1977), the same cannot be said of forage legumes (Norman, 1982). However, 
because African farmers are familiar with the concept, the introduction of forage legumes into 
the traditional cropping systems should be possible. 
Studies conducted by ILCA in Kaduna, Nigeria, and Debre Zeit, Ethiopia, show that 
intercropping cereals with forage legumes can be very productive in terms of biomass and 
protein yields. The economic analysis of the system has not yet been conducted, but several 
technical aspects of intercropping have been fairly well investigated. 
Date of planting. The effect of date of undersowing Trifolium steudneri on the grain and DM 
yields of maize fertilized with N at 60 kg ha–1 was studied at Debre Zeit in 1985 (I. Haque, ILCA, 
Addis Ababa, Ethiopia, unpublished data). While grain yield was not significantly affected by the 
presence of the legume, stover yield was significantly lower than the control (Table 4). The DM 
yields of T. steudneri show a highly significant decreasing linear trend, and there is no evidence 
of a significant deviation from that trend (Table 4). 
Table 4. Effect of date of planting on grain and stover yields of maize and dry-matter (DM) 
yields of Trifolium steudneri on an upland soil, Debre Zeit, Ethiopia, 1985. 
Treatment  
Planting date for 
trifolium after maize 
planting (weeks) 
Maize1 
Trifolium DM yield 
(kg ha–1) Grain yield (kg 
ha–1) 
Stover yield 
(kg ha–1) 
Maize (control) n.a.2 4698 6273 n.a. 
Maize + TS3 0 4201 4034 754 
Maize + TS 1 4196 3877 603 
Maize + TS 2 5028 4809 427 
Maize + TS 3 5021 4616 283 
Maize + TS 4 4311 4428 240 
Maize + TS 5 4517 4178 144 
Maize + TS 6 4533 4237 13 
LSD4 0.05 n.s.5 1179 – 
1 Maize fertilized with 60 kg N ha–1 
2 n.a. = not applicable.  
3 TS = Trifolium steudneri 
4 LSD = least significant difference. 
5 n.s. = not significant. 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Mohamed-Saleem (1985) observed that in the subhumid zone of Nigeria, the effect of date of 
undersowing on food grain yield varied with the forage legume used. For instance, 
planting Stylosanthes guianensis cv Cook or S. hamata cv Verano on the same date as 
sorghum reduced the grain yield of sorghum by over 70%, but when they were sown 6 or 3 
weeks later, the grain yield reduction was lower. If the cereal and the forage legume are planted 
on the same day, other, less productive but less competitive legumes than stylo should be used. 
Table 5 shows that the reductions in the grain yield of sorghum were related to the DM yield of 
the legume. Similar results were obtained by L.A. Nnadi and I. Haque (ILCA, Addis Ababa, 
Ethiopia, unpublished data) in central Ethiopia (Table 6). 
 
 
 
Table 5. Effect of intercropping on sorghum grain and stover yields and legume dry-matter (DM) 
yield, subhumid zone of Nigeria, 1985. 
Cropping system 
Sorghum 
Legume DM 
yield (kg ha–1) 
Total fodder  
(kg ha–1) Grain yield 
(kg ha–1) 
Stover yield 
(kg ha–1) 
Sorghum (sole) 1296 4667 n.a.1 4667 
Sorghum + Stylosanthes hamata 313 1685 2778 4663 
Sorghum + Stylosanthes guyanensis 388 1555 2063 3618 
Sorghum + Macroptylium atropurpureum 
356 2111 1296 3407 
Sorghum + Centrosema pascuorum 1019 2981 926 4185 
Sorghum + Alysicarpus vaginalis 1092 2519 926 3445 
Sorghum + Macroptylium lathyroides 1297 2741 1481 4222 
1 n.a. = not applicable. 
Source: Mohamed-Saleem (1985). 
Table 6. Maize grain yields and legume dry-matter (DM) yields on an upland soil, Debre Zeit, 
Ethiopia, 1985. 
Cropping system  
Maize grain yield Legume DM yield  
(kg ha–1)  kg ha–1 Percent of control 
Maize (sole) 2215 n.a.1 n. a. 
Maize + Trifolium steudneri 1316 59.4 2504 
Maize + Lablab purpureus 995 44.9 3170 
Maize + Vicia dasycarpa 1213 54.8 2513 
Maize + Medicago polymorpha 1580 71.3 1039 
1 n. a. = not applicable. 
Source: L. A. Nnadi and I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Planting geometry. Attempts to maintain the yield of cereal crops in intercropping systems 
have necessitated the manipulation of the planting pattern. Mohamed-Saleem (1986a) reported 
that if the population of the intercropped cereal is the same as when it is planted as a sole crop, 
then grain yield reduction is minimal. However, a trial with maize, sorghum and lablab showed 
that there is an interaction between the legume and the cereal; although the effects of spatial 
arrangement were not very different between plots, intercropping maize with lablab appeared to 
be highly advantageous, but sorghum and lablab were incompatible (Table 7). 
 
 
Table 7. Effect of intercropping system on land-equivalent ratios of sorghum and maize dry-
matter and grain yields, Debre Zeit, Ethiopia, 1984. 
Cropping system  
Land-equivalent ratio 
Dry matter Grain 
Sorghum (sole) 1.00 1.00 
Sorghum/lablab (1:1) 0.81 1.04 
Sorghum/lablab (2:1) 1.07 1.07 
Sorghum/lablab (between normal rows) 0.96 1.05 
Sorghum/lablab (mixture) 1.00 0.99 
Maize (sole) 1.00 1.00 
Maize/lablab (1:1) 0.86 1.54 
Maize/lablab (2:1) 0.95 1.58 
Maize/lablab (between normal rows) 1.07 1.43 
Maize/lablab (mixture) 1.04 1.54 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
In another trial at Debre Zeit, maize (Zea mays cv Katumani) was intercropped with three 
forage-type cowpeas in various combinations (Table 8). The combined DM yields were 
generally equal to or greater than those from sole maize or sole cowpeas. The highest 
combined DM yield at harvest (13 t ha–1) was achieved with cowpea cv White Wonder Trailing. 
When compared with sole maize, the reductions in the grain yield of intercropped maize were 
14 to 25%. 
Table 8. Mean dry-matter and grain yields of maize intercropped with forage-type cowpeas, 
Debre Zeit, Ethiopia, 1986. 
Cropping system1 
Grain yield Dry-matter yield 
Maize Cowpea Maize Cowpea 
t ha–1 
Percent 
reduction 
t ha–1 
Percent 
reduction 
t ha–1 
Percent 
reduction 
t ha–1 
Percent 
reduction 
Sole maize 5.11 n.a2 n.a. n.a. 10.83 n.a. n.a. n.a. 
Maize/cowpea I3 4.14 19 0.48 85 7.91 27 1.30 84 
Maize/cowpea II4 3.81 25 0.92 68 8.05 26 4.90 56 
Maize/cowpea III5 4.37 14 0.61 71 9.54 12 1.98 63 
Sole cowpea I n.a. n.a. 3.31 n.a. n.a. n.a. 7.91 n.a. 
Sole cowpea II n.a. n.a. 2.92 n.a. n.a. n.a. 10.87 n.a. 
Sole cowpea III n.a. n.a. 2.14 n.a. n.a. n.a. 5.41 n.a. 
1 The planting ratio for all maize/cowpea intercrops was 3:1. 
2 n.a. = not applicable. 
3 Cowpea I = cowpea cv TVU. 1977 ODO2 
4 Cowpea II = cowpea cv White Wonder Trailing. 
5 Cowpea III = cowpea cv Black Eye Pea EXD3. 
Source: C. S. Kamara and I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Sanchez (1982) noted that legume–cereal intercropping is extremely site specific and weather 
dependent. Moreover, the type of intercropping system to be used should be validated locally, 
particularly in terms of relative planting dates, seed rates, row spacing, crop varieties and soil 
fertility. 
Other intercrop-type systems 
ILCA and IITA have investigated three other intercrop-type systems in highland Ethiopia and in 
Nigeria. 
Sequential cropping 
Sequential cropping is possible where the rainy season is fairly long or supplemental irrigation is 
available, or where the soil has a high moisture-retention capacity, as is the case with deep 
Vertisols. Sequential cropping on Vertisols is facilitated by the broadbed and furrow (BBF) 
technology: the results of a study at Debre Zeit show that the land-equivalent ratio (LER) of 
maize intercropped with medic and sequentially cropped with chickpeas was higher than that of 
other cropping systems that were investigated (Table 9). 
Table 9. Land-equivalent ratios for various multiple-cropping systems on a Vertisol, Debre Zeit, 
Ethiopia, 1985. 
Cropping system Land-equivalent ratio 
  Grain yield 
Maize (sole) 1.0 
Maize + vetch (inter) + chickpea (relay) 0.91 
Maize + medic (inter) + chickpea (relay) 1.38 
  Stover yield 
Maize (sole) 1.00 
Maize + clover 0.98 
Maize + lablab 1.29 
Maize + vetch (inter) + chickpea (relay) 1.30 
Maize + medic (inter) + chickpea (relay) 1.31 
  Total biomass 
Maize (sole) 1.00 
Maize + clover 1.03 
Maize + lablab 1.19 
Maize + vetch (inter) + chickpea (relay) 0.96 
Maize + medic (inter) + chickpea (relay) 1.18 
Source: I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Deep-rooted legumes capable of utilising subsoil moisture are preferred as sequential crops. 
These include lablab, chickpea, Stylosanthes scabra and alfalfa. Legumes used for sequential 
cropping should also be capable of utilising nutrients efficiently, especially P. 
Live mulches 
The use of leguminous live mulches (eg. Arachis repens, Desmodium triflorum, Centrosem 
pubescens, Psophocarpus tetragonolobus and Indigofera spicata) with maize has been reported 
to be promising (Akobundu and Okigbo, 1984; Mulonguy and Kang, 1986). However, it appears 
that the mulches may compete with cereal crops for nutrients and water (Greenland, 1985). 
Also, the growth of live mulches often needs to be controlled either by frequent weeding or the 
application of a growth hormone (Akobundu, 1980). The extra expenditure on weeding and 
spraying reduces the usefulness of the system and makes adoption difficult. 
Intersod planting 
Intersod planting is a system where a cereal is planted between swards of a forage legume. The 
growth of the legume is controlled by herbicide application before planting the cereal. ILCA's 
results in Kaduna, Nigeria, were not promising because the legume used (Stylosanthes 
hamata cv Verano) reemerged early to compete with the cereal. The method is unlikely to be 
widely adopted by smallholder farmers. 
OTHER STUDIES 
Even though research on the role of forage legumes in farming systems has been intensified in 
the past few years, there are still areas, such as interspecies N transfer, biological nitrogen 
fixation, and residual effects of intercropping, that need to be clarified before the economic 
feasibility of using forage legumes in the traditional African production systems could be 
assessed. 
Interspecies nitrogen transfer 
Although the actual mechanism by which N is transferred between annual forage legumes and 
cereals is not well understood, benefits either in the grain yield or the N content of the cereal 
crop have been observed. For instance, Agboola and Fayemi (1972) reported that when maize 
was interplanted with mungbean (Phaseolus aureus), the grain yield of maize increased over 
the control. The amount of N transferred from the legume to maize was equivalent to a fertilizer 
application of N at 45 kg ha–1 Calopo (Calopogonium mucunoides) and cowpea did not have 
such an effect on maize grain yield. L. A. Nnadi and I. Haque (ILCA, Addis Ababa, Ethiopia, 
unpublished data) found that the N content in the grain and stover of maize intercropped with 
vetch on a low-N soil was higher than that of the control and comparable to that obtainable with 
N at 50 kg ha–1 (Table 10). 
 
 
Table 10. Nitrogen (N) content of maize grain and stover as affected by nitrogen application and 
intercropping with forage legumes, Debre Zeit, Ethiopia, 1985. 
Treatment N content (%) 
  Grain Stover 
Maize 1.54 0.38 
Maize + 50 kg N ha–1 1.67 0.50 
Maize + 100 kg N ha–1 1.82 0.55 
Maize + 150 kg N ha–1 1.91 0.68 
Maize + Trifolium steudneri 1.47 0.44 
Maize + Lablab purpureus 1.55 0.40 
Maize + Vicia dasycarpa 1.66 0.48 
Maize + Medicago polymorpha 1.59 0.42 
Source: L. A. Nnadi and I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
These and other studies suggest that not all legumes are suitable for interspecies N transfer, 
and those that do transfer N are not consistent. Chamberlain et al (1986) reported that when 
conditions are good for the establishment and early growth of legumes, competition occurs 
between the legume intercrop and maize. They did not find any evidence of a positive 
contribution by any of the studied legumes to the N economy of maize. 
Biological nitrogen fixation 
The ability of a legume to improve the soil N status depends partly on its N-fixing capacity. It 
appears that the higher the efficiency of N fixation by a legume, the less dependent the legume 
will be on soil N. This could increase residual soil N to a following crop, quite apart from the N 
contributed by roots. Studies on the proportions of N derived by forage legumes from biological 
fixation and from the soil are in progress at ILCA using the, 15N technique. 
Residual effects 
The productivity of an intercropping system depends not only on the system's current values, 
but also on residual effects which determine how long continuous cultivation will be possible. 
The residual effects of pure and intercropped legumes cannot be assumed to be the same, 
since intercrops invariably produce much lower top yields and their root systems are probably 
less developed than the roots of legumes cultivated in pure stands. The effects of preceding 
crops and cropping systems on the grain and DM yields of cereals are being investigated by 
ILCA. 
MAXIMISING NITROGEN INPUT INTO CROPPING SYSTEMS 
The input of biologically fixed N into cropping systems can be maximised by selecting forage 
legumes for increased N-fixing capacity and higher N content, and by increasing biomass yield 
through better management. 
Symbiotic N fixation 
There is some evidence that the N-fixing ability of rhizobia is partly controlled by host genes (cf 
Viands et al, 1981; Heichel and Barnes, 1984). Viands et al, for instance, found a wide range of 
field performance in four successive harvests of alfalfa clones selected for contrasting N-fixing 
capacity under greenhouse conditions. 
Nitrogen content of legumes 
The amount of N contributed by legumes to the cropping system depends on the N content of 
the plant tissues that are to be left or incorporated in the soil. Annual forage legumes with a high 
root-N concentration appear to be particularly useful in short-term crop rotations, such as the 
cut-and-carry system where legume roots are the major contributors to soil nitrogen. L. A. Nnadi 
and I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data) found highly significant 
differences in the root-N content of various forage legumes (Table 11), and the rates of N 
transferred by these legumes in an upland soil of Ethiopia. Increases of 10–14% of whole-plant 
N concentration have been achieved through selection (Heichel and Barnes, 1984). 
Table 11. Total and water-soluble nitrogen (N) contents in the roots of forage legumes grown on 
an upland soil, Debre Zeit, Ethiopia, 1985. 
Legume Total N (%) Water-soluble N 
(%) 
Trifolium steudneri (Debre Zeit) 1.91 0.59 
Trifolium steudneri (Shola) 2.01 0.67 
Vicia dasycarpa (ILCA accession no. 6795) 2.26 0.80 
Vicia benghalensis sp 2.43 0.66 
Vicia purpureus cv Rongai 1.10 0.21 
Lablab purpureus cv Highworth 0.87 0.15 
Medicago scutellata cv Snail 1.23 0.22 
Medicago truncatula cv Barrel 2.08 0.62 
Source: L. A. Nnadi and I. Haque (ILCA, Addis Ababa, Ethiopia, unpublished data). 
Biomass yield 
Increasing the N-fixing capacity of legumes and the N content of their tissues should be 
accompanied by increases in plant biomass. This depends largely on the management adopted: 
adequate fertilization with P, coupled with tillage practices that promote extensive root growth, 
should be pursued. 
Trials in the Ethiopian highlands have shown that the DM yield of Trifolium sp. could be greatly 
increased by P fertilization (Akundabweni, 1984; Jutzi and Haque, 1985). Since large areas of 
sub-Saharan Africa are deficient in P, significant responses to P application by forage legumes 
can be expected (Haque et al, 1986). To gain a better understanding of the P response, studies 
involving various forage legume genera need to be conducted. 
FORAGE LEGUMES AND LIVESTOCK IMPROVEMENT 
More than 340 million tonnes of fibrous crop residues are produced in Africa annually (Kossila, 
1985). They constitute an important source of animal feed, but are high in lignocellulosic 
compounds, which affect protein digestibility and voluntary intake (Mosi and Butterworth, 
1985b). The nutritive value of crop residues could be improved by the use of strong alkalis and 
ammonia; however, these chemicals are expensive and not readily available in rural areas 
(Mosi and Butterworth, 1985a). Although useful in emergency situations, for example when 
livestock are threatened as a result of drought, supplementing crop residues with legumes 
appears to be more practical under normal conditions. 
Supplementation with legumes has been shown to increase the digestibility of poor-quality 
roughages (Devendra, 1982), or their intake (Mosi and Butterworth, 1985b), or both (Minson 
and Milford, 1967; Lane, 1982; Moran et al, 1983). In an ILCA experiment with sheep, the total 
intake and digestibility of cereal straw was increased by the addition of 45% of Trifolium 
tembense hay to the base diet (ILCA, 1984). Higher DM intake was associated with lower levels 
of neutral detergent fibre (NDF) in the total ration and with a decreased straw consumption. This 
was confirmed in a follow-up trial which also showed that when both trifolium and a 
molasses/urea mixture were added to wheat straw, total DM intake was highest and digestibility 
increased by more than 200% (ILCA, 1985). 
The increased DM intake and nutrient digestibility of total diets have been shown to result in 
better animal performance. For instance, culled oxen supplemented with T. tembense hay over 
a period of 63 days gained 362 g day–1, more than twice as much as oxen fed poor-quality grass 
alone (163 g day–1) (ILCA, 1985). In a second experiment with three different protein sources, 
the highest daily weight gain was recorded with a trifolium/noug supplement (357 g), followed 
by noug (314 g) and trifolium (114 g). Highland sheep fed diets enriched with legume hay grew 
faster than unsupplemented animals, and the effects of supplementation on total feed intake, 
nutrient digestibility, N retention and sheep growth rates were associative (ILCA, 1986). 
Olayiwole et al (1986) reported that trifolium hay increased the intake of rations based on wheat 
straw but did not have any effect on the intake of teff-based rations. Weight gains increased 
when trifolium was included in the rations. The increased DM intake associated with trifolium 
hay might be due either to bypass protein provided by the legume or to an increased availability 
of amino acids, peptides or branched-chain fatty acids in the rumen, which in turn would 
increase the yield of rumen microbial protein (Van Soest, 1982). 
ILCA studied the potential of Sesbania sesban, Acacia cynophylla and A. seyal as supplements 
to a basal diet of teff straw for growing sheep, by comparing them with vetch 
hay. S. sesban appears to be promising, with higher average growth rates (48 g day–1) than 
when sheep were supplemented with vetch hay (39 g day–1) (ILCA, 1986). The animals gained 
11 g day–1 with A. cynophylla and about 45 g day–1 with A. seyal, but only towards the end of the 
experiment. The differences in the effects of these browse species on average daily weight gain 
and N balance of sheep are related to differences in the quantity and type of tannins and 
phenolics present in the forage. 
In another ILCA experiment, sheep and goats were compared in their ability to use cereal straw 
and fruits from acacia trees as feed. Its results suggest that while sheep can utilise cereal 
residues better than goats, the latter are much better utilisers of legume fruits, probably because 
they are less susceptible than sheep to a digestive-tract toxin in the fruits (ILCA, 1986). 
A study on animal offtake at Kurmin Biri, northern Nigeria, revealed that herds with access to 
fodder banks can maintain their size from birth, whereas those without access to fodder banks 
would decline in size. Herd owners who did not have fodder banks depended on purchases of 
animals and transfers to relatives to maintain the size of their herds (ILCA, 1987). 
Supplementing Boran calves with 650 g of Medicago sativa hay per day and providing them with 
extra water gave a growth rate (108 kg) comparable to that of calves receiving all their dams' 
milk (114 kg). It was concluded that supplementation with legume hay and water is an adequate 
alternative to rearing calves on milk only (ILCA, 1987). Also, since the supplemented animals 
were valued higher than the unsupplemented ones, pastoralists could benefit by higher animal 
prices without reducing milk offtake for human consumption. 
CONCLUSION 
The evidence accumulated over the past few years suggests that forage legumes are a suitable 
means of injecting biologically fixed N into African crop–livestock production systems. They 
contribute to sustainable agricultural production by enhancing soil fertility, which in turn leads to 
increased crop production, and by improving the quality of animal feed, which appears to be one 
of the major constraints to livestock production in sub-Saharan Africa. 
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SUMMARY 
A SURVEY of small ruminant owners was conducted in Bendel, Anambra, Imo and Rivers 
states of southeast Nigeria. Sheep were found in 28% of households and goats in 92%. The 
mean flock size for sheep was 3.2 for all households and 11.4 for owners only; the 
corresponding figures for goats were 6.9 and 7.5. However, the distribution of animals was 
skewed, with most households owning only a few animals. Primary problems experienced by 
farmers related to feeding, disease control and housing. Three modes of management were 
distinguished according to the degree of animal confinement. Management was related to 
climatic zone, human population density, farming system, animal disease incidence and 
mortality. Confinement was found to be associated with a higher incidence of disease and 
higher mortality. 
INTRODUCTION 
Southeast Nigeria is one of the most densely populated parts of Africa. In some areas, rural 
population density exceeds 1000 km–2. Pressure on land resulting from the increasing population 
and expanded production of cash crops (in particular oil palm) has led to intensified land use. 
However, with the exception of Lagemann's (1977) study of three communities in present-day 
Imo state, little information is available on the consequences of agricultural intensification. In 
particular, little data exist on the distribution and management of livestock in southeast Nigeria. 
This study attempts to relate livestock management systems to characteristic problems facing 
small ruminant producers in the physical and economic environment of four states in southeast 
Nigeria. Although more extreme in this area, increasing population pressure on land is general 
to the humid zone of West Africa. The survey thus not only provides information on southeast 
Nigeria, but also suggests the implications of increasing population density and intensified 
agriculture for smallholder livestock production systems throughout the zone. 
THE STUDY AREA 
The study area was in the Bendel, Anambra, Imo and Rivers states in southeast Nigeria (see 
Figure 1). The area is ecologically diverse, although tropical forest and derived savanna 
predominate. Annual rainfall ranges from less than 1500 mm in the north of Anambra state to 
over 4000 mm in the southwestern extremity of the study area. The most common soils are 
acidic Ultisols with pH ranging from 4 in the highest-rainfall areas in the south to around 5.5 
further north. These soils have low natural fertility, but are intensively farmed. In many areas, 
pressure on land has led to shorter fallow periods and declining soil fertility. 
Figure 1. Administrative and climatic map of southeast Nigeria.
 
Cassava and yam are the main crops cultivated in southeast Nigeria; other crops of importance 
are maize, cocoyam and plantain, and, in some locations, rice. Oil palm has historically been an 
important cash crop in the area. Land holdings are small (generally less than 1ha), and often 
fragmented, comprising different types of land which are managed in different ways. Around the 
compound may be a continuously cultivated area, the ‘compound farm’, where a complex 
variety of trees and food crops are grown, and which benefits from animal manure and 
household wastes. Outlying plots are cultivated less intensively. Farms are worked by hand. 
Men are generally responsible for land clearing and yam cultivation, while women are 
responsible for most other operations and crops. 
Livestock production in southeast Nigeria is limited by trypanosomiasis: the trypanotolerant 
West African dwarf breeds of sheep and goats are the most important livestock species, both 
economically and, after poultry, numerically. They are valued as a source of meat (although 
they are usually slaughtered only on the occasion of festivals or ceremonies), cash and manure. 
Nevertheless, livestock remain a minor farm enterprise. Upton's (1966) figures indicate that 
livestock contribute less than 4% of farm income, while according to Lagemann (1977), their 
contribution is 10–20% of gross farm income (about two-thirds of the livestock produced are 
consumed within the household). 
Management and other inputs are minimal. While small ruminants may be confined, special 
housing is the exception rather than the rule. Animals are fed household scraps, tree foliage 
(commonly palm fronds), and the by-products of food processing. Veterinary inputs are minimal 
or nil. 
METHODS 
Twenty-seven local government areas (LGAs) were selected in the four states surveyed by 
applying randomly generated coordinates to a grid imposed on a set of maps with a scale of 
1:250 000 (Figure 1). Within each of these LGAs, two communities were selected which 
appeared from the maps to have contrasting proximity to main roads and urban centres. A 
random sample of about 30 households was selected at each sample point. 
Only members of households which owned sheep or goats were interviewed. Based on figures 
of the 1965/68 agricultural census, small ruminant owning households––the population 
represented by this survey––are estimated to be approximately half of all rural households in 
the area (Federal Office of Statistics, 1972). The data for this study were collected between 
January and March 1983. 
For the purposes of analysis, the study area was divided into five climatic zones on the basis of 
the annual rainfall pattern (Figure 1). In zone 1, there is 60mm of rain in the driest month. (This 
zone, in which livestock are of minor importance, is not represented in the study). In the second 
zone, 1–2 months are dry (<60mm of rainfall). The third zone has 3 dry months in which total 
rainfall is <60mm, while the annual total is 1875 to >2500mm. The fourth zone has 4 months in 
which precipitation is <60mm; the driest month has <30mm. Most parts of this zone have a total 
annual rainfall of >1750mm, but the overall range is 1600 to >2000mm. The fifth climatic zone 
has 4 dry months in which rainfall is <48.5mm. Annual total rainfall in this region is 1500–
1830mm (Ofomata, 1975). 
FINDINGS 
Household size and farming system 
The mean household size was 9.9 persons, consisting of 1.8 adult males, 2.1 adult females and 
6.1 children. Disaggregation of these data by state and by climatic zone shows that households 
in the southern, higher-rainfall zones and states tended to be larger than those in the more 
northerly areas. In addition, the ratio of resident adult males to adult females was greater in 
climatic zone 2 (1:1) than in the other zones (0.84:1). This reflects a higher level of male 
outmigration in the drier zones. Farming was the predominant occupation for adults in all zones, 
and was given by 72% of males and 81% of females as their primary occupation. 
Land zoning is a characteristic feature of the farming system in many parts of southeast Nigeria. 
Compound farms are often found around the homestead, where both tree and arable crops are 
cultivated intensively, and manure and household waste are applied. Outside this area ‘near’ 
and ‘distant’ farmlands are distinguished, each with its own crop rotation practices and tenure 
rules. 
Compound farms were seen in almost half (47%) of the sample: they were markedly more 
common in the Anambra, Imo and Rivers states than in Bendel, and in the northern, drier 
climatic zones (Table 1). Compound farms were also associated with higher levels of human 
population density. The rank correlation coefficient between population density and the 
proportion of households with compound farms in the 27 surveyed LGAs was 0.50 (P<0.01). 
Table 1. Presence of compound farms by state and climatic zone, southeast Nigeria, January–
March 1983. 
  Sample size Households with compound 
farm (%) 
State 
Rivers 242 43 
Bendel 235 18 
Imo 321 47 
Anambra 281 75 
Climatic zone 
2 277 39 
3 406 39 
4 174 50 
5 162 77 
All households 1079 47 
Cassava and yam were the most important crops; cassava predominated in the southern zones 
2 and 3, and yam in the northerly zones. However, a variety of other annual and tree crops was 
also found. 
Small ruminant ownership 
Goats were more widely owned than sheep. Sheep were found in 28% of households and goats 
in 92%. Mixed flocks of sheep and goats were found in only 20% of households. The frequency 
distribution of animals of both species, but especially that of sheep, was highly skewed. Modes, 
medians and means were therefore used as measures of central tendency, as well as ranges 
and interquartile ranges (Table 2). 
 
 
 
 
 
 
Table 2. Small ruminant ownership, southeast Nigeria, January–March 1983. 
  Small ruminant ownership 
Sheep Goats All 
Number of owning households 300 996 1079 
Percentage of owning 
households 
28 92 100 
Mean flock size 11.4 (16.7)a 7.5 (11.3) 10.1 (17.6) 
Mode 1 3 2 
Median 6 5 5 
Range 1–120 1–183 1–244 
Interquartile range 3–12 3–8 3–10 
Number of animals of the species Percent households with that number of animals 
0 72 8 n.a.b 
1–5 14 54 52 
5–10 6 11 24 
10–20 4 2 15 
>20 4 5 9 
a. Figures in brackets are standard deviations. 
b. n.a. = not applicable. 
The mean number of sheep owned across all households was 3.2 head (± 10.2 SD), compared 
with 6.9 (± 11.0 SD) for goats. However, where present, the average sheep flock (11.4 head) 
was larger than that of goats (7.5 head). Ownership of the two species was associated. The 
correlation coefficient between the numbers of sheep and goats owned in any household was 
0.38 (P<0.001). 
Flock size was related to household size. The correlation coefficients between total household 
size and the number of sheep, goats. and total small ruminant holdings were 0.35, 0.35, and 
0.42 respectively (all significant at the 0.1% level). This reflects both household labour supply 
and household consumption requirements. 
The proportion of households owning sheep and the mean flock size were strikingly higher in 
Rivers than in the other three states (Table 3). The mean size of goat herds was also higher in 
Rivers than in the other states, although the ownership level, at 84% of households, was 
somewhat lower (Table 4). Both ownership and flock size of sheep were highest in climatic zone 
2. Goat herd size was also highest in this zone. 
 
 
 
 
Table 3. Sheep ownership by state and climatic zone, southeast Nigeria, January–March 1983. 
  
Households (%) Mean flock sizea 
Median flock 
size 
State 
Rivers 52 15.2 (19.1)b 8 
Bendel 21 9.7 (14.1) 5 
Imo 18 10.1 (17.9) 4 
Anambra 23 6.7 (9.1) 4 
Climatic zone 
2 49 15.0 (18.9) 8 
3 16 7.8 (16.6) 4 
4 30 10.7 (13.8) 5 
5 18 5.1 (4.5) 4 
All households 28 11.4 (16.7) 6 
a. Owners only.  
b. Figures in brackets are standard deviations. 
Table 4. Goat ownership by state and climatic zone, southeast Nigeria, January–March 1983. 
  Households (%) Mean herd sizea Median herd size 
State 
Rivers 84 12.3 (15.4)b 8 
Bendel 96 7.2 (9.0) 5 
Imo 94 6.3 (11.7) 4 
Anambra 95 5.4 (6.9) 4 
Climatic zone 
2 84 11.9 (15.9) 8 
3 97 5.9 (10.3) 4 
4 91 7.3 (9.7) 4 
5 96 5.3 (4.9) 4 
All households 92 7.5 (11.3) 5 
a. Owners only.  
b. Figures in brackets are standard deviations. 
The majority of animals (79% of sheep and 71% of goats) were born from owners’ stock, while 
17% of sheep and 20% of goats had been purchased. The remaining 4% of sheep and 7% of 
goats were from other sources (for example, gifts and loans). 
Small ruminant management 
Three types of livestock management were distinguished on the basis of animal confinement: 
free-roaming all year, confined or tethered only during the cropping season, and confined 
throughout the year. Goats were more likely to be confined than sheep (in 36% vs 24% of 
owning households). 
Confinement of both sheep and goats is more common in the more densely populated states of 
Imo and Anambra (Table 5) and in the drier climatic zones (Table 6). Seasonal confinement of 
small ruminants is particularly associated with Anambra state and with climatic zone 4, which is 
related to the practice of compound farming in these areas. Year-round confinement of goats 
was noted in 57% of households where compound farms were found, as compared to 18% 
where they were not (the corresponding figures for sheep-owning households were 32% and 
14%). The rank correlation coefficient between the proportion of households where goats were 
confined and the proportion where compound farms were observed in the 27 LGAs was 0.69 (P 
= 0.001). The equivalent coefficient for sheep was –0.36 (P = 0.06). 
Table 5. Management of sheep and goats by state, southeast Nigeria, January–March 1983. 
Animal species 
and state  
Sample 
size 
Management systems1 
Total  
(%) Free roaming 
 (%) 
Seasonally confined 
(%) 
Confined all year 
(%) 
Sheep 
Rivers 127 84 0 16 100 
Bendel 49 82 0 18 100 
Imo 59 73 2 25 100 
Anambra 65 32 25 43 100 
All states 300 70 6 24 100 
Goats 
Rivers 204 89 0 11 100 
Bendel 225 88 0 12 100 
Imo 301 51 3 46 100 
Anambra 266 20 15 65 100 
All states 996 59 5 36 100 
1 Owners only. 
 
 
 
 
Table 6. Management of sheep and goats by climatic zone, southeast Nigeria, January–March 
1983. 
Animal species 
and climatic 
zone 
Sample size 
Management system1  Total 
(%) Free roaming 
(%) 
Seasonally 
confined (%) 
Confined all year 
(%) 
Sheep 
2 135 85 0 15 100 
3 66 71 2 27 100 
4 69 48 22 30 100 
5 30 54 3 43 100 
All zones 300 70 6 24 100 
Goats 
2 234 88 0 12 100 
3 395 60 1 39 100 
4 212 51 15 34 100 
5 155 23 6 71 100 
All zones 996 59 5 36 100  
1. Owners only. 
Goat confinement was more closely associated with higher human population densities than 
was that of sheep. The rank correlation coefficient between population densities and the 
proportion of households confining their goats in the 27 LGAs was 0.64 (P<0.001). The 
corresponding statistics for sheep management were r = –0.16, P = 0.47. (LGA population 
densities used were those given in Idachaba, 1985). 
The size of small-ruminant holdings was related to management system. The necessity for 
confinement appeared to limit flock size: where animals were free roaming, the mean flock size 
was 13.2 for sheep and 8.4 for goats, whereas for confined animals the mean flock sizes were 
7.4 sheep and 6.2 goats (owners only). Labour to collect and carry feed and the availability of 
housing seem to be the main constraints on animal numbers. 
Only in 27% of cases of year-round confinement were goats seen to be kept in a separate 
construction or enclosure. This was usually constructed of wood (48%), corrugated iron 
sheeting (21%) or mud (18%).Otherwise the animals were simply confined in the house or 
compound. Where goats were confined seasonally, special constructions for the animals were 
observed only rarely (4% of cases). Where sheep were confined, however, they were more 
likely to be provided with special purpose housing, which was noted in 60% of cases of year-
round and 12% of seasonal confinement. 
Feed was seen to be offered to animals in 58% of households in the sample. Its provision was 
related to the animal management system. Where confinement was permanent, feed was 
offered in almost all cases; however, collected feed had also been provided in many cases 
where animals were free roaming (49% for sheep, 32% for goats). 
Browse was the most commonly observed feed type, given either alone or in combination with 
other feeds in 81% of cases where feed was provided. Household refuse was offered by 48% of 
households and farm products or food-processing byproducts (e.g. cassava or yam peelings) by 
15% of the households that provided feed. Browse was particularly important in climatic zone 4, 
where it was observed in 98% of cases where feed was offered, compared with an average of 
74% in the other zones. 
Perceived problems 
Feed, disease and housing problems totaled 54% of responses when farmers were asked about 
difficulties encountered when keeping livestock. Lack of veterinary care, crop destruction and 
theft were the next most frequently cited problems. 
There was some variation between climatic zones in the types of problem cited. Feed was 
apparently a less serious problem in climatic zone 2 than in the drier zones, while housing, 
surprisingly, was less often cited as a problem in zone 5, where confinement is most 
widespread. Disease was considered the major problem in this zone. 
The problems reported were related to the mode of management. As might be expected, where 
animals were confined, farmers cited feed as their greatest problem, particularly where 
confinement was seasonal. Housing as a problem was also associated with seasonal 
confinement. Where animals were free roaming, concern over health predominated. 
Specific reasons for not keeping sheep were given by 62% of informants (of whom 72% were 
non-owners). The difficulty of controlling sheep was the most common reason (although a lower 
proportion of households confined sheep than confined goats). This is clearly related to two 
other reasons mentioned-problems of crop destruction and housing. 
Relatively few farmers housed their sheep, so presumably lack of housing is also related to the 
difficulty of providing feed for the confined animals, which was cited as the major problem in 
households where animals were confined. Traditional ritual prohibition against sheep were given 
as a reason in four LGAs in which such prohibitions appeared to affect a substantial proportion 
of the population. Only 5% of informants (8% were non-owners) gave reasons for not keeping 
goats: crop destruction and susceptibility to disease were the most important. 
Diseases observed 
The pneumo-gastro-enteritis complex (PGEC), probably most often due to the viral 
infection peste des petits ruminants (PPR), was overwhelmingly considered the major health 
problem. PGEC symptoms were observed by 96% of the farmers citing specific diseases. Other 
health problems were foot rot, abortion, mange and tick infestation, although only 5% of sheep 
owners and 10% of goat owners mentioned such problems. 
Thirty percent of informants reported that there had been a PGEC outbreak in their flocks during 
the 12 months prior to the interview. About 66% reported never having observed symptoms of 
the disease in their flocks, while the remaining 4% recalled an outbreak that had occurred 
between 2 and 6 years previously. 
A higher proportion of sheep owners than of goat owners reported PGEC outbreaks. The 
incidence of PGEC among both sheep and goats increased from the higher- to the lower-rainfall 
zones (Table 7). Disease levels were related to the animal management system (Table 8): 
seasonally confined animals appeared to be particularly susceptible to PPR. Chi-squared tests 
showed that the differences in PGEC incidence between zones were significant at the 5% level 
for both species, while those between management systems were significant at this level for 
goats. 
Table 7. Pneumo-gastro-enteritis complex (PGEC) incidence and mortality index for sheep and 
goats by climatic zone, southeast Nigeria, 1982/83. 
Animal species 
and climatic zone 
Sample size 
PGEC incidence in last 12 
months (%) 
Mortality index (%) 
Sheep 
2 135 33 17 
3 66 27 19 
4 69 39 26 
5 30 53 24 
All zones 300 35 21 
Goats 
2 234 25 21 
3 395 23 21 
4 212 36 28 
5 155 43 32 
All zones 996 29 24 
Table 8. Pneumo-gastro-enteritis complex (PGEC) incidence and mortality index for sheep and 
goats by management system, southeast Nigeria, 1982/83.. 
Species and management 
system 
Sample 
size 
PGEC incidence in last 12 
months (%) 
Mortality index 
(%) 
Sheep 
Free roaming 211 34 21 
Seasonally confined 17 53 32 
Confined all year 72 33 17 
All systems 300 35 21 
Goats       
Free roaming 585 29 23 
Seasonally confined 47 34 28 
Confined all year 364 29 24 
All systems 996 29 24 
Mortality 
Mortality indices for each species were calculated from farmers' recollection of the number of 
deaths over the preceding year. The mean mortality index for goats, at 24%, was somewhat 
higher than that for sheep (21%). However, 35 households had lost all of their sheep and 12 
households all of their goats during that year. If the mortality indices for households no longer 
owning the particular species are included in the respective sub-samples, the mean indices rise 
to 29% for sheep and 25% for goats. This suggests that epidemics which kill all animals of a 
species in a household are more common among sheep than among goats. 
Higher mortalities were associated with lower-rainfall environments (Table 7) and seasonal 
confinement of animals (Table 8). These findings were consistent with those relating to the 
incidence of PPR. Mack et al (1985) also reported a higher mortality among confined goats in 
two sites in the Imo and Anambra states, compared with that among free-roaming goats in 
southwest Nigeria (4.5% vs 2.7% month–1). 
CONCLUSIONS 
The distribution of animals was skewed, with most households in the sample owning only a few 
animals. The modal values were one sheep and three goats per household, while only 14% of 
households has more than five sheep and only 38% had more than five goats. However, 
substantial flocks were found in a minority of households, with 9% owning more than 20 small 
ruminants. Further research needs to be undertaken on the management and productivity of 
such medium-scale enterprises. Ownership patterns differed between states and between 
climatic zones. The mean flock sizes of both species were highest in Rivers state and in climatic 
zone 2. 
Management practices differed by state, climatic zone and farming system. Animal confinement 
was most common in the drier climatic zones and in Anambra state. Higher human population 
densities and agricultural intensification (of which compound farming was taken as an indicator) 
were associated with the confinement of livestock, in particular goats. 
In general, mortalities were high, and PPR was reported as the most important disease. There 
was evidence that disease problems in both sheep and goats were greater in the lower-rainfall 
areas: PPR was observed both more commonly and more recently in the northerly than in the 
southerly climatic zones. Higher levels of mortality for both species were also observed in these 
zones. The drier environment of the northerly zones would thus appear to be associated with 
more severe disease problems. 
Disease and mortality patterns were related to management system; seasonally confined 
animals seem especially vulnerable to disease. This reflects a failure to adjust management to 
this transitional phase of confinement because associated management strategies (of housing, 
feeding, watering, breeding) have apparently not been fully developed. Furthermore, since the 
confinement period is during the growing season, the requirement to provide feed for the 
animals coincides with the peak period of labour demand for cropping. 
Increasing human population densities and agricultural intensification are likely to lead to 
increasing animal confinement both in southeast Nigeria and throughout the humid zone of 
West Africa. New management strategies, in particular relating to feed and disease, will be 
required under these circumstances. 
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 Population density: ha is the conventional reference area for plantation crops and animal 
stocking densities, but for plant densities m–2 is more appropriate. This descriptor 
conforms to the scale rule since an expression such as 10 to 20 plants m–2 is much 
easier to visualise than, for instance, 100 000 to 200 000 ha–1. 
 Mass or weight: kg, t (tonne; tolerated in compound units such as US$ 100 t–1 product), 
and mg g–1 or g kg–1 (weight of dry matter produced by a crop per unit of water). 
 Crop yields: kg m–2 (fresh yields) but g m–2 (dry matter yields); t ha–1 is convenient when 
describing agronomic response. 
 Fertilizer application: kg ha-1 and g m–1 for experimental plots. 
 Volume: The base SI unit of m3 is rarely convenient for agricultural measurement. Thus 
we will use the litre (1 dm3) as a more relevant unit, although we will not abbreviate it 
because of the potential confusion with the numeral 1. Rainfall will be expressed in mm 
and evaporation rates in mm d–1. 
 Concentration: mg kg–1, not 'parts per million' (ppm). 
 Force: 1 N (Newton) = 1 kg m s–2. 
 Pressure: The unit commonly used by crop physiologists and soil scientists for pressure, 
the bar, can be converted to mega Pascals (MPa), a multiple of the SI unit, the Pascal 
(Pa), by multiplying by 0.1. 
 Energy: J (Joule; which replaces the now obsolete erg and calorie), kJ g–1 (energy 
content of animal fodder' or human food), MJ d–1 (animal energy consumption), and MJ 
d–1 kg-n (in nutritional work). 
 Power: 1 W (watt) = 1 J s–1(for exchange of thermal energy between plants or animals 
and their environments). 
Note that the product of two units is written by introducing a space between them and that the 
quotient is indicated by a negative index, thus kg/ha becomes kg ha–1 in the SI system. 
Treatment of numbers 
The numbers one to nine should be written as words, except when used as measurements or 
units (e.g. 1 kg, 1 month, 1 litre but one cow). All other numbers should be written as numerals: 
note that numbers from 1000 to 9999 should be written without a comma or space, while from 
10 000 onward a space should be included. 
Common expressions and abbreviations 
An increase of 6%; milk yield and consumption increased by 5% and 3% respectively; meat 
offtake decreased by 2 to 3%; 1300 h; 10° C; No.; 1.3 million; 1980/81 cropping season but ... 
Nigeria, 1980—82 (in table captions); 13 g Mo; 1 kg N; Figure, not Fig.; use Jan, Feb, Mar, Apr, 
May, June, July, Aug, Sept, Oct, Nov, Dec in tables and figures if space is not sufficient; pp. 
12—19, 365 pp. (in references) but ‘see page 3’ (in text); P = probability (P<0.05, P<0.01 and 
P<0.001); LSD = least significant difference; SE ± = standard error; d.f. = degree(s) of freedom; 
MS = mean square; CV = coefficient of variation. 
Distinguish between ‘East African Shorthorned Zebu’ (specific breed) and ‘zebu’ cattle 
(humped Bos indicus cattle); ‘Boran’ cows but ‘Borana’ people; ‘West African Dwarf goat’ 
(breed) but ‘the dwarf goats of West Africa’; N'Dama cattle etc.; sp./spp. = species (sing./pl.); 
cv(s) = cultivar(s); var = variety. 
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